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Abstract: 
I studied the genetic interactions of Black-capped (Poecile atricapilus) (BCCH) 
and Carolina (P. carolinensis) (CACH) Chickadees in and near the largest hybrid contact 
zone in Illinois .  Biologists have assumed Carolina and Black-capped Chickadees 
hybridize in their large contact zone in Bond and Fayette Counties, based on intennediate 
morphological measurements, plumage characteristics and the production of aberrant 
vocalizations. In determining hybridization, however, diagnostic genetics may be more 
useful than any other criterion. The genetic and environmental factors that have 
contributed to the survival of this  chickadees hybrid zone have underscored the genetic 
integrity of both species. We collected tissues from chickadees during the breeding 
season from different areas within and near the contact zone. We i solated and compared 
mitochondrial DNA (mtDNA) which allowed us to assess maternal genotypes for our 
samples and compare them with both of the species .  After we analyzed the DNA 
sequences of each species of our samples, we identified that genetic mixing occurs within 
this  contact zone. In addition, our results confirmed the mtDNA from all our samples had 
high expression of BCCH sequences but was distinct enough to suggest closer to CACH. 
IV 
Acknowledgments 
I would like to acknowledge my co-advisors, Prof. Eric Bollinger and prof. 
Zhiwei Liu, for their support and encouragement. Bollinger's guidance helped me the 
researching and writing of this thesis ,  and he was a source of never-ending support. I 
appreciate all of his contributions of time, ideas, and help in the field. I would like to 
express my gratitude to Prof. Zhiwei Liu for the continuous support of M.S thesis, for his 
guidance, encouragement, and patience. Every result described in this thesis was 
accomplished with his help and support . Dr. Liu and I worked together on many different 
phases , and without his efforts my study would have undoubtedly been much more 
difficult. In addition, I am very grateful for work of Ms. Shannon Regan, she constructed 
the nest-boxes placed them in the field, and helped collect the chickadee tissue samples 
used in this study. I would also like to thank Director of DNA Sequencing: Dr, Alvaro 
Hernandez, assistant director of DNA sequencing: Chris Wright ; and laboratory 
supervisor: Leslie D .  Benson in Biotechnology Center at the University of Illinois at 
Urbana-Champaign for their assistance. I would like to thank both Aljouf University and 
the Saudi Arabian Cultural Mission (SACM) for both financial and logistical support. 
Many thanks to Eastern Illinois University, the Graduate school , and the 
Department of Biological Sciences for accepting me in to their M. S program. Many 
thanks to : Prof. Gordon Tucker, for his time, interest, suggestions, and helpful comments. 
F inally, l would like to acknowledge friends and family who supported me during my 
time here, especially my wife Amjad . Many thanks to her for understanding the need to 
take many hours during my lab experiments. 
v 
Table of Contents 
Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  iv 
Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v 
Table of Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vi 
List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  viii 
List of Tables . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ix 
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l 
Effects of Hybridization between closely-related Species . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Morphology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
Disparities in Chickadee Populations between Illinois and Other States . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
Previous Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  
Aim of Study . . . . . . . . . . ... . ...... ..... ..................................................... . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2  
Methods and Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  
Sample Col lection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
DNA Extraction . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  
DNA Quantification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  
PCR amplification and Gel Electrophoresis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  
VI 
Sequencing and Gene Editing . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  
Phylogenetic Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  
Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  
Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 
Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 
Literature Cited . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
VII 
List of Figures: 
Contact zone between Black-capped (BCCH) and Carolina Chickadees(CACH) . 5 
Distribution of the two species, BCCH and CACH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
DNA Quantification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 
PCR amplification and Gel Electrophoresis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 
Nucleotide Sequences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 
Phylogenetic Tree . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 
Map of the Samples Collection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 
VIII 
List of Tables: 
Sample Collection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Primers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 
MtDNA Sequences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 
Maximum Likelihood fits of different nucleotide substitution models . . . . . . . . . . . . . . . . . . . . . . . . .  25 
IX 
Introduction 
Hybridization of species is a frequently occurring phenomenon in both plants and 
animals .  Although hybridization often negatively impacts the survival of the resulting 
offspring, it can be a positive force of evolution, allowing for the rapid adaptation of 
organisms to an ever-changing environment (Engler et al., 20 1 5). Hybridization between 
two different species can result in an entirely new species through a process called 
"hybrid speciation". For example, a mule is a member of its own species that results from 
the interbreeding of a donkey and a horse, which are different species having different 
numbers of chromosomes. When hybridization leads to a new species through homoploid 
hybrid speciation (HHS),  two distinct genomes are recombined without a corresponding 
change in chromosomal number (Eroukhmanoff et al . ,  20 13). The resulting offspring tend 
to share a strong phenotypic resemblance to the parental fonns. Homoploid speciation i s  
"supervenient," meaning that it is generated through multiple distinct physical processes. 
It is different than polyploid speciation, in which the number of chromosomes within the 
cell increases and typically increases (Elgvin el at., 201 1 ). 
In birds, behavioral patterns are not solely determined by genetics. For example, 
most birds learn many aspects of their behavior, and many researchers consider this when 
investigating hybridization. Learned behaviors can be affected in contact zones . These 
learned behaviors, like song production in passerines, can mislead researchers because 
they may initially consider a song as being a genetically influenced aspect of a particular 
species of bird, when in actuality the song may have been learned or influenced by 
another bird in the contact zone. Contact zones are locations within a range where two 
species overlap and hybridization occurs. Some researchers may refer to this  area as  a 
1 
"hybrid zone" (Sattler, 1 996).  In these "contact zones" or "hybrid zones" researchers can 
study the process of speciation and the evolution of reproductive isolation between 
species (Sattler & Braun, 2000) . 
Current research involving DNA analysis have found that, hybrids are common 
and most of the birds within a hybrid group sound and behave similarity to the parental 
species. Many of the hybrids are too cryptic to affinn by field examination alone. 
Moreover, in the zone of contact any bird should be distrusted of hybrid existence, and 
others exploring different combination attributes are similar to hybrids .  Various 
researchers have detennined that the process of hybridization happens continuously, and 
that the hybrids are not like parental birds.  Some hybrids population that are young 
maintain stable populations (Miller el at, 20 1 4) .  
Until very recently, hybridization was hypothesized to  play only a minor role in 
the evolution of animals (Mallet, 2007) . However, it has since been detern1ined to be a 
regular environmental event. According to Mallet (2007), an average of 1 0  percent of 
animal species and 25  percent of plant species are able to hybridize. In fact, new genetic 
studies suggest that hybrid speciation is a common process in both animals and plants. 
Additionally, Mallet et al . (2007) found that hybridization and introgression, or the 
interspecies transfer of genetic information, possibly persists for millions of years 
following the initial separation from one ' s  species (also known as the initial divergence) . 
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The effects of hybridization between closely-related species: 
When two closely - related species come into close contact, various degrees of 
hybridization may occur. The rate at which a hybrid species will occur is  dependent on 
both environmental and genetic influences, as well as possible sources of variation. 
Hybridization can lead to a large number of possible genetic outcome, which will affect 
the way the organism interacts with its environment and how or if it will continue to 
survive. Both losses in fitness and gains in fitness may happen as a result of 
hybridization. For example, fitness loss can happen as a consequence of the disruption of 
coevolved gene complexes (Nolte & Tautz, 20 1 0) .  On the other hand, speciation by 
hybridization can contribute to evolutionary fitness by increasing biological 
diversification (Hermansen et al. ,  20 1 4) .  In addition, fitness gains due to heterosis, or 
improved perfonnance of biological functions in hybrid offspring, may also occur when 
deleterious recessive genes present in either parent species are diluted and consequently 
outbred. Thus, hybridization can be beneficial or detrimental to the hybrid offspring 
depending on gene mutations and the impact of these mutations on the organism' s  ability 
to succeed its given environment (Adams & Burg, 20 1 5) .  
A hybrid organism's genes interact dynamically with the environment driving 
fitness effects. Due to the complexity of the genetic processes at play in hybridization, it 
i s  difficult to isolate and identify the specific combinations of parental alleles that have 
contributed to the adaptive traits of some hybrids (Nolte & Tautz, 20 1 0) . Hybridization 
can create large numbers of new allele combinations. Analytical methods in genetic 
modeling have shown this .  Hybridization affects l arge portions of the hybrid genome, 
rather than just a few loci. This indicates that adaptive phenotypes may occur as a 
3 
consequence of large-scale genomic selection. In fact, the process of species 
diversification can significantly advance by speciation via hybridization (Hermansen et 
al. ,  20 1 4) .  
Black-capped chickadees (Poecile atricapillus; BCCH) and Carolina chickadees 
(P. carolinensis; CACH) are two closely related bird species that are known to hybridize 
(Walsh, 2015) .  To understand how hybridization occurs between the two species, it i s  
important to consider both their similarities and differences. By examining the birds ' 
morphological, di stributional , and behavioral patterns, determining whether a hybrid 
species is  a new species altogether or merely a variation in phenotype expression 
becomes clearer. The two species of bird do have many things in common. Both BCCH 
and CACH share the same family: Paridae and genus:  Poecile. In addition, both BCCH 
and CACH inhabit two distinct areas in the eastern portion of North America (Sattler et 
al., 2007).  
BCCH reside in the northern areas of the United State and Canada; CACH 
typically occur in the southeastern United States. Their ranges often overlap in narrow 
band of contact zones (Figure l ) ,  part of which occurs in Illinois ,  Missouri and Kansas 
(Olson et al., 2010). Hybrid individuals share many characteristics of the parental species, 
and a variable combination and expression of the parent species' phenotypes. 
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Figure 1. Black line presents the contact zone between Black-capped and Carolina 
Chickadees which including Illinois, Missouri and Kansas. In this range hybridization 
may occur. (Taylor et al., 2014) 
Sattler and Braun (2000) discovered introgression and hybridization between the 
two closely -related species in an overlapping region of habitat in Missouri . The 
researchers found multiple indicators suggesting their hybridization. According to genetic 
data, 58% or more of the birds in the overlapping region were of mixed ancestry; 
furthermore, among these hybrids, recombinant genotypes were common, demonstrating 
the fertility of the hybrid individual . The hybrid zone, or cline, was described as steep, 
indicating that there was high variability in the physical attributes of the hybrid 
individuals in the contact zone. In addition to this morphological indicator, Sattler et al . 
(2007) noted song admixture as evidence of hybridization between the Black-capped and 
Carolina chickadees . Among differentiated populations of birds, vocal admixture i s  
common when both populations inhabit the same geographic area. This admixture can be 
5 
some subtle differences in  morphology between the two species.  For example, Black-
capped chickadees always have whiter on the outer edges and tips of their wings than 
Carolina chickadees; they also tend to be larger. Despite the similarities to the parent 
organisms, researchers can identify the hybrid offspring via their differentiated 
vocalizations. Identifying the hybrid birds by their song provides the most reliable means 
' 
of identification in the field. In fact, the two species of bird have traditionally been 
recognized as separate due to the differences in their song, rather than being seen as 
possessing a varied phenotypic expression 
Typically, scientists are able to distinguish the two species via their vocalizations 
(Curry & Reudink, 2007) . For example, Black-capped chickadees have a particular song 
composed of 2 or 3 notes ''fee-bee". On the other hand, Carolina chickadee song is 
composed of"high-low-high-low" notes. However, the hybrids may have aberrant songs 
that combine characterize of both parental species. To conclude, BCCH and CACH have · 
more variation, and not only by their morphological features, but also by vocalizations, 
within the hybrid zone (Enstrom & Bollinger, 2009). Both these species differ from each 
other in tenns of behaviors and morphology, one from the North and the other from the 
South, but these species show similarities with each the other in hybridization terms such 
as their feathers and neck sides (Michael et al., 20 1 5) .  
The analysis of DNA, cytochrome b ,  chromosomes, and morphology clearly show 
that these are separate species (Rheindt, & Edwards, 20 11) .  The Poecile genus name was 
not specified by any professional genetic author. In the end, the species epithet for BCCH 
became atricapillus and was taken as the masculine feature (Gill et al., 1993).  Due to 
genetic similarities in the past, black-capped chickadees were taken as Eurasia, Willow tit 
7 
by con-specification and also genetic similarities. In old guide book of bird species, 
black-capped chickadees were used as an alternative name for Willow tit. These old 
manuals also suggest the secondary similarity of Carolina chickadees with Willow tits. 
Analyzed by several authors it was proved that in the case of genetics, Black-capped and 
Carolina chickadees have similarity with each other. The slight differences in Black­
capped and Carolina chickadees are due to genetic and chromosomal differences. Both 
Carolina and Black-capped chickadees contain similarities and difference. Slight 
differences of weight and length occur between these two taxa, but in genetic terms these 
are species are nearly identical (Reudink et al ., 2007).  
Distribution: 
In general tenns, there two species are fairly sedentary and referred to as 
"permanent residential". Thus, these two species can easily be differentiated from each 
other on the basis of their ranges. Black-capped chickadees are those that occur in 
northern regions of America and southern Canada. On the other hand, Carolina 
chickadees are those that occur in southern regions of the United States (Olson et al., 
20 1 0) (Figure 2). 
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Figure 2. The distribution of the two species BCCH and CACH, the BCCH is found in 
northern US, whereas CACH is from the southeastern US (Olson et al., 2010). (Smith, 
2010). 
Enstrom and Bollinger (2009) identified four distinct hybrid zones along the 
interface of the geographic range of Poecile atricapillus and P .  carolinensis in Illinois .  
These zones were determined by the differences in singing pattern between the parent 
species and individuals in these areas. Thus, the researchers concluded that the hybrid 
zones of Black-capped and Carolina chickadees have maintained relative stability in 
Illinois ,  in contrast to similar populations of chickadees in the northeastern United States, 
which have undergone redistribution in recent decades (Enstrom & Bollinger, 2009) . 
Another group of researchers (Reudink, et al . ,  2005) extensively studied the mating 
patterns of populations of Black-capped and Carolina chickadees within the state of 
Pennsylvania. Out of 90 examined broods, 56%, or approximately 5 1  broods,  were 
discovered to have hybridized. In addition, all females that acquired extra-pair 
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fertilizations (EPF ' s) ,  regardless of species, tended to prefer Carolina-like males as an 
extra-pair mate. This finding may attest to the virility of the male Carolina Chickadee and 
the adaptive success of this  offspring. In addition, the high rate of paternity owing to 
extra-pair copulation may suggest that the mother ' s  choice of mate is an important source 
of influence in the northward movement of the hybrid zone for populations in southern 
Pennsylvania and Missouri (Reudink, et al . ,  2005) . 
When the southern region become too cold, Black-capped chickadees moved 
toward the north and according to the season. In the summer season both Black-capped 
and Carolina chickadees appeared as fresh and molt. Global wanning presents life 
changes for these species. From all these studies, researchers determined that chickadees 
move from their South region to the North region because Paridae are strongly impacted 
by global warming. (Shyloh A. van Delft, 20 1 5) .  (Harr, & Price, 2014) . 
Carolina chickadees are capable of reducing their core body temperature and can 
go into an intentional state of as torpor. The Carolina chickadees try do this to save 
energy in cold seasons.  In winter seasons Carolina chickadees search for tree cavities 
wherein they can roost for up to fifteen hours . In the course of this  time, they save energy 
(Gill et al., 2005). 
Disparities in Chickadee Populations between Illinois and Other States 
Although both Black-capped and Carolina Chickadees may be found outside of 
Il linois, the recent range changes of Ill inois-based Black-capped and Carolina Chickadees 
are markedly different from that of either of the populations that inhabit Missouri and 
southern Pennsylvania. Reudink et al . (2007) showed that the chickadee population of 
Pennsylvania was moving northward, whereas the ranges Illinois  chickadees have 
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apparently not changed much. Similarity, the Carol ina chickadees are more frequently 
less in weight in comparison to B lack-capped chickadees. However, CACH inhabiting 
the mountains of western Kentucky and Tennessee showed no hybridization with BCCH. 
Every state ' s  chickadees contain different behavior compared with other chickadees 
(Tanner, 1 952). The Illinois chickadees are of special interest due to the four di stinct 
hybrid zones they presumably occupy. Sattler et al. (2007), perfonned a principal 
component analysis (PCA) to identify unique variations in the song characteri stics across 
different population samples. Along all twelve populations of the two examined 
Appalachian transects, multiple song types exhibiting sympatry were identified (Sattler et 
al., 2007). 
Previous Studies. 
Many studies have focused on black- capped and Carolina chickadees in their 
contact zones . Group of researchers focused on various vocalizations in different parts of 
the contact zone such as near Columbus, Ohio (Focht, 2013). Focht, (20 1 3) hypothesized 
that the Carolina chickadees would show a difference when it comes to territorial 
response to some specific songs. For this  research, they used recorded black-capped 
chickadee songs, and when the Carolina chickadees heard the voice from a distance they 
responded positively to the sound. However, they responded differently from their own 
songs; their response was weak compared to the typical way they respond to their own 
song. More research, however, could determine if  the results indicating that chickadees 
show a different response in allopatric regions holds true for the regions north of the 
hybrid zone in the historically black �-capped chickadee range. Further research could 
also explain and if character displacement is beginning to develop within the hybrid zone 
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and if this could reduce the amount of the hybridization of Carolina chickadees with less 
dominant black-capped chickadees so as to reduce the black-capped chickadees (Focht, 
2013). 
Another researcher studied structure and dynamics of BCCH and CACH in the 
contact zone in southern Pennsylvania. The reason for the analysis  of the structure was to 
determine whether there can be a place in which the hybrid zone can be stable during the 
breeding season. DNA samples from birds were collected across the contact zone. At the 
end of the research, there were some results that showed that there was certain 
hybridization at one site. Birds with Carolina mtDNA mated with a male Black-capped 
haplotype, and they successfully produced offspring without any complications. The 
Carolina chickadees may have asserted dominance over the Black-capped males, and 
they may have mated and produced another hybrid (Reudink et al. 2007). 
Aim of Study. 
The main goal of this study was to investigate the genetic interaction between Black­
capped and Carolina chickadees in the largest contact zone in Illinois because other 
studies have looked at hybrid zones in other states . We hypothesized that the contact zone 
chickadees are genetic hybrids and that the results from Illinois may differ than other 
areas because of the landscape in Illinois .  However, we expected that there would be a 
significant genetic distinction between Black-capped and Carolina chickadees. To test 
thi s hypothesis,  I examined many samples of Black-capped and Carolina chickadees ' 
tissues in different locations in Illinois .  Then I answered the questions if results from 
Illinois  may differ than other areas or not and identified the hybrid individuals (species) 
and genetic distinction between BCCH and CACH. 
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Methods and Materials 
Sample Collection 
Black-capped and Carolina chickadees are known to hybridize in several areas along 
their adjacent border "( e.g Missouri : Braun and Robbins 1986; Sawaya 1 990; Illinois :  
Brewer 1963)" Bronson et al. (2003) .  The specimens for this study were collected from 
central Illinois within or near hybrid zones where reported, as well as from other areas in 
southern Illinois where only one of the species is found. We chose this area because the 
longest "hybrid zone" between BCCH and CACH in Illinois occurs as the Greenville and 
Vandalia areas . The samples were collected in the breeding season of the birds at the end 
of the spring and the beginning of the summer from 1 5  April to 1 5  July in 2016 and 20 1 7 
as well as dating to 2008 . We collected 1 7  samples of feathers from different populations 
from Southern Illinois (Table 1 .) .  The samples collected were tissues and blood because 
it has shown genetic evidences for this study. After the data were sampled by E .  
Bollinger, frozen within few hours on dry ice till they were kept in a - 20 °( freezer until 
being used for DNA extraction. freezing samples around this temperature suggests as a 
better procedure to perform the DNA extraction and keep samples fresh. 
DNA Extraction 
DNeasy Blood and Tissue kit (Qiagen, USA), a tool for the purification of DNA from 
animal tissues and blood, is used for DNA extraction (Trier et al . ,  20 1 4) .  Ti ssue was cut 
into small pieces, and then placed in a 1 .5  ml micro centrifuge tube. DNA extraction was 
then performed by following the protocol provided by the manufacturer: 180µ1 Buffer 
ATL, "Animal Tissue Lysis,  buffer", and 20 µl proteinase K were then added to each, and 
the mixture was then thoroughly dispensed by vortexing. The mixture was then incubated 
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at 56°C on a rotating wheel for a couple of hours or overnight until completely lysed. 
Fully homogenized tissue was then vortexed for 1 5s in order to break up the matrix from 
the fluid containing the purged DNA. Before 200 µl AL Buffer was added, the mixture 
was then vortexed thoroughly for 1 0s, incubated at 56°C for 5 mins, then added with 
200µ1 ethanol ( 1 00%) for DNA precipitation. The entire content was then transferred to a 
new Mini spin column (MSC) 2ml collection tube and spinned in a centrifuge for 1 min 
at � 8000 rpm. 
The MSC was placed in a new 2ml collection tube, to which 500µ1 A WI buffer was 
added to break the proteins so they can cross through the filter. After a brief incubation, 
the set was then centrifuged for 1 min at� 8000 rpm. The MSC was subsequently 
transferred to in a new 2ml collection tube and added with 500µ1 A W2 buffer to remove 
salts from the samples and centrifuged at 13 ,200 rpm for 3 min. The spin column together 
with ON As bound to its membrane was transferred to a new 1 .5  ml microcentrifuge tube, 
and added with 200µ1 AE buffer at the central of the membrane to dissolve the DNA 
from the membrane. The spin column was then centrifuged the samples for 1 min at � 
6000 x g (8 ,000 rpm) after being incubated at 1 5 -25°C for 1 min. The extracted DNA 
samples were stored at 4°C for later genetic analysis. 
DNA Quantification 
Adequate quantity of DNA is  essential for the success of subsequent PCR 
amplification of the target gene. There are many ways to quantify DNA or RNA, and the 
most common procedure is Spectrophotometry for DNA or RNA quantification. In this 
study, we used Epoch™ 2 Microplate Spectrophotometer (BioTek®, USA),  which offers 
an effective means for DNA quantification that only requires micro-volume of samples, 
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and DNA quantity data i s  ready to read and analyze with the provided Gen5 Software. As 
standard for the method, we loaded 2 µL of each sample in the blank Take3 plate with 2 
µL  of AE buffer in the top row of two wells for calibration. Epoch™ Epoch™ 2 
Microplate Spectrophotometer is  also suited for some other related applications, 
including RNA quantification, protein purity assays, and enzyme kinetic assays . 
(Figure3) 
PCR amplification and gel electrophoresis. 
The polymerases chain reaction, or PCR, i s  commonly used in molecular biology to 
produce millions of copies of DNA sequences and a common technique used in medical 
and biological research labs (Joshi et al , 20 1 1 ). A segment of mtDNA for the control 
region Amplified using the primers LbcchCRl (CCA CCA CCC CAT AAT AAG GA) 
and HCRCbox (CCA CTT GTA TCT GTG ARG AGC) was shown to be useful for 
identifying maternal lineage (Grava et al 20 1 2) .  We followed the original PCR protocol 
of (Grava et al 20 1 2) with small modifications .  For each 25 µL reaction, 1 2 . 5  µL of 
Tag® Green Master Mix (Promega, USA), 1 µL of l 0 µM primer 1 (Lbcchcrl ), 1 µL of 
1 0  µM primer 2 (HcRcbox). LbcchCR l  and HCRCbox (Table 2), mostly 2 µL of DNA, 
and finally 7.5 µL ofRNase-free water to bring up the final volume to 25µL for each 
reaction. For some reactions, I modified the volume, depending on DNA concentration 
and the volume of water accordingly. 
The reactions were run on a MJ Research PTC- 1 00 Thermal Cycler (MJR, USA) 
with the thermal profile : 94°C for 1 20 s, 50°C for 45 s, 72°C for 1 cycle, followed by 37 
cycles of 94 °C for 30 s, 54 °C for 45 s ,  and 72°C for 60 s, and a final step of 72°C for 5 
mins, and held at 4 °C until being transferred to a refrigerator for temporary storage 
15 
before mini-gel check and final sequencing. For mini-gel checkup, I used 1 5µL GelRed 
Nucleic, the gel and for electrophoresis buffer. PCR products (4µL) and DNA ladder 
(Qiangen, USA) each were mixed with l OµL of 6x load Dye on parafilm and then 
transferred to sample wells  in the gel . The gel was let to run in 1 00 Volt DC power for 
approximately 30 mins, and then visualized using Molecular Imager (Gel Doc™ XR+ 
imaging system, USA) .  
Sequencing and gene editing 
Sequencing was perfonned at the W.M. Keck Center, part of the Roy J. Carver 
Biotechnology Center at the University of Illinois at Urbana-Champaign. Sequencing 
reactions were set up as follows: 8 µ1 of water, 4µ1of 5M betaine, 2µ1of 5X Sequencing 
Buffer (Applied Biosystems), 1 . 5 µl of BigDye® Terminator v3 . 1  (Applied Biosystems) , 
0 . 5  µl dGTP BigDye® Terminator v3 . 0  (Applied Biosystems) , 2µ1 of primer and 2µ1 of 
template per sample. Thermal cycling was perfonned at 98°C for 5 min followed by 40 
cycles of 98°C for 1 5  secs, 45°C for 5 sec and 60°C for 4 min. When complete, reaction 
products were then cleaned up using a DyeEx kit (Qiagen) . Samples were denatured at 
95°C for 2 . 5  minutes, then loaded onto the Applied Biosystems 3730xl equipped with a 
50 cm 96-capillary array and running POP-7TM polymer (ABI). Samples were run using 
a modified version of the default LongSeq50_POP7 run module, where injection time 
was increased to 25 seconds and run time decreased to 5040 seconds . Samples were 
analyzed on Sequencing Analysis v5 .2  software (ABI) .  Each sample was analyzed in two 
directions (forward and reversed) (Table 3) .  (Alvaro, el at 20 1 7) 
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Phylogenetic analysis 
Prior to phylogenetic analysis ,  Mr. ModelTest implemented implemented in Mega 
7 .0  (Kimura 20 1 6) was used to estimate the best molecular evolution model for the target 
mtDNA gene region. For phylogenetic analysis ,  Maximum Likelihood (ML) method 
implemented in Mega 7 . 0  (Kimura 20 1 6) was used K2 . Models with the lowest BIC 
scores (Bayesian Information Criterion) are considered to describe the substitution 
pattern the best. For each model , AICc value (Akaike Information Criterion, corrected) , 
Maximum Likelihood value (lnL) , and the number of parameters (including branch 
lengths) are also presented [ 1 ]. Non-uniformity of evolutionary rates among sites may be 
modeled by using a discrete Gamma distribution ( +G) with 5 rate categories and by 
assuming that a certain fraction of sites are evolutionarily invariable (+I) . Whenever 
applicable, estimates of gamma shape parameter and/or the estimated fraction of invariant 
sites are shown. Assumed or estimated values of transition/transversion bias (R) are 
shown for each model , as well . They are followed by nucleotide frequencies (f) and rates 
of base substitutions (r) for each nucleotide pair. Relative values of instantaneous r 
should be considered when evaluating them. For simplicity, sum of r values is  made 
equal to 1 for each model . For estimating ML values, a tree topology was automatically 
computed . The analysis involved 1 4  nucleotide sequences. Codon positions included 
were l st+2nd+3rd+Noncoding. All positions containing gaps and missing data were 
eliminated. There were a total of 1 22 positions in the final dataset. Evolutionary analyses 
were conducted in MEGA6 [2]. (Table 4) 
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Results 
More than morphological distinctions alone, genetic markers proved a greater 
resource in detecting the incidence of hybridization and introgression between disparate 
populations of chickadees . With the advent of advanced diagnostic methods, the genetic 
interactions of hybridizing taxa can now be assessed with greater accuracy than the 
methods available (Sattler & Braun, 2000) . The genetic relationship among individuals of 
the Black-capped chickadee and the Carolina chickadee, as wel l as likely hybrid 
individuals  revealed by molecular data, is then compared with morphology and 
vocalization-based relationship .  
Due to  differences in  the analytic methods applied to the different sets of 
specimens collected from each of the considered geographic areas (Figure 7), we tested 
17 specimen mtDNA, individuals from different locations were successfully genotyped, 
and mtDNA was successfully significant in all the samples. The DNA extraction was 
presented by the purity and concentration of all the specimens .  Most of the samples had a 
high purity and concentration, and that refers to the quality of the specimens as well as 
the region where the data was collected from. We tested the quantity of DNA in order to 
confirm well in a PCR experiment. The results of the DNA were positive, and the 
concentration of the extracted DNA samples were then compared (Figure 3) 
In term of PCR examinations, it showed that the amount of the mtDNA in each 
sample was extremely clear and usable in all the samples except the samples that were 
collected from the Greenville and Coles county region, which was due to the low quality 
of the DNA (Figure 4) . The results of the PCR examination were clarified by using 
Molecular Imager (Gel Doc™ XR+ imaging system, USA) in order to test mtDNA 
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sequences (Figure 4) . The results of sequencing and gene editing presented the mtDNA 
sequences of BCCH and CACH chickadees (Table3) . 
We looked at the National Center for Biotechnology Information (NCBI) for both 
BCCH and CACH mtDNA sequences , but we did not find mtDNA sequences for CACH. 
We considered Mountain Chickadees (MOCH) instead of CACH, and used it as the 
control region ( outgroup) because they share the same social hierarchy classification 
(Grava et al 20 1 2) .  We identified the genetic relationship by using CLUSTAL W editor 
Mega (figure5)  (Tamura et al . 2007) . The specimens were collected from the contact 
zone which are hybirds of Black capped and Carolina chickadees because a few 
specimens were homogeneous to BCCH more than others (Figure 6) .  More specifically, 
the phylogenetic tree showed that the genetic relationship among BCCH with our 
specimens based on their mtDNA (Figure 6) .  From the phylogenetic tree, we identified 
that al l the samples are fairly different from BCCH, and the samples col lected from 
Ramsey (Northside) are the closest to BCCH. Our results confirmed that the samples 
collected from Carlyle Lake (Southside) were different from black-capped chickadees 
because the mtDNA was not similar to the samples from Ramsey (Northside) .  Because 
Carlyle Lake's samples were different from Ramsey's samples, we identified that they 
are l ikely "mostly" CACH (Figure6&7) . After the analysis of genetic markers was 
conducted, it concluded that all of the specimens were collected from the overlapping 
zone were within the hybridization range. 
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Table 1: 
1 7  tissue samples of chickadees were coll ected from different locations in the 
putative hybrid zone in Illinois from April to July in 2 0 1 6- 17.  The samples are labeled 
from A to Q. 
Sample Location Date of collection 
A Ramsey 31-May-16 
B Ramsey 31-May-16 
c Carlyle Lake 18-May-16 
D Carlyle Lake 18-May-16 
E Carlyle Lake 18-May-16 
F Carlyle Lake 19-May-16 
G Carlyle Lake 18-May-16 
H Carlyle Lake 18-May-16 
I Carlyle Lake 18-May-16 
J Greenvil le 15-May-08 
K Carlyle Lake 18-May-16 
L Carlyle Lake 18-May-16 
M Coles county 19-May-16 
N Coles county 19-May-16 
0 Greenville 15-May-08 
p Coles county 19-May-16 
Q Coles county 19-May-16 
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Table 2: 
Premiers sets used for PCR analyses 
Primers Primer Sequence Size bp References 
designation 
LbcchCR l CCA CCA CCC CAT AAT AAG GA 734 (Grava et al  20 1 2) 
HCRCbox CCA CTT GT A TCT GTG ARG AGC 734 (Grava et al 20 1 2) 
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DNA concentrations of total DNA extracts for all samples. The graph shown that the 
concentration of the DNA in each sample. Except for sample G and M, most samples had 
high to very high DNA yield. 
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Figure 4. 
The amplified mtDNA control region checked on agarose mini- gel presenting all the conformations 
labeled from sample: (A to Q). PCR amplification was not successful initially for 1 and 0 samples. 
Reamplifications of 1 with reduced DNA template concentrations - JI and 12 representing lµL and 0 .5µL 
of DNA added to 25 µL PCR reactions, respectively, - were able to achieve much improved results. 
However, same level of success was not obtained for sample 0 (JI) refer to the 1 sample and the amount of 
the DNA was lµL, 12 refer to the amount 0 .5µL. So, by reducing the amount of the DNA the concentration 
was higher than (J). Samples 0 I and 0 were different amount of the DNA; (01 and 0 used was 0 .5µL and 
0 was lµL DNA in 25, µL PCR reactions, respectively). M to Q have high concentration of the DNA. 
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Table 3: 
Variable locales in the mitochondrial control region of black-capped (BCCH) and 
Carolina chickadee (CACH).  *indicates the samples have been successfully sequenced in 
both forward and reverse directions. The other samples were only successfully sequenced 
in reverse direction and are considered unreliable and thus discarded for further analysis .  
Samples Sequences 
A* AATAGCGCAAAAGAGCAAGTCGCGCTCGGGGCTrTAGGGGGAGTTCAAGTCCATTGAAGCCAATAACCT 
B* AATAGCGCAAAAGAGCAAGTCGCGCTCGGGGCTTTAGGGGGAGTTCAAGTCCATTGAAGCCAATAACCT 
C* TTTTGTGAGGGGCAAGGGAGATGGAGTTCATTGTCTGAGTTCCACCAATAGCGCAAAAGAGCAAGTCGTACTCG 
D* TTCGTGAGGGCAAGGGAGATGGAG1T AGTTGGTCCATCAGCAAACGGTTGGGGTT ACT ACAGTGGGGT AAAACG 
F* CCTrTCGAGCGMGRGGRGTTTCCGA TYTTAAGTGACGCTTGCGGCCTTTCGGGCTGGAGGT AGGA TC A TTTGGG 
G* TTTTTTTTTGAGGAGCAAGGGAGATGGAGTTCAACAGGGSTTTAGGGGGAGTTTAAGACAGTTCTC 
H* TTTTTTTTTTGAGGAGCAAGGGAGATGGAGTTCAACAAGTTATGGTCCTGAACCTTGAAGCCAATAACCTAA 
I* TTTTTTT GTGAGGAGCAAGGGAGATGGAGTTCACCAAGTTATGGTCCTAGCAAAGCGGTTGGGGlTACTACA 
J* TTTTTTT TGTGAAGAGCAAGGGAGATGGAGTTCCAGGATTACATAACTGGGGCACATGTGTGAAC 
K* TrTTrTGAGGAGCAAGGGAGATGGAGTTCAACAAGTTATGGTCCTGATACAGCAAGTCGGGGTTTTT 
L* TrTTTTGAGGAGCAAGGGAGATGGAGTTCAACAAGTTATGGGAAGTTCACAGCAAAGGGGTTTT 
Mr AATNTTATGGGGCACAATTCTGCGGGCAGNCCNCCCTGAATGATGCCCNTCCANCCCTCNCATTATAGC 
Nr CGNATCACAGCATACTAGCTGGGACGTCCTCACAGGATACAAGATGGACTCTTTTCATCCTGTCTATACG 
Qlr TNGGTGGAGAGGTGGAGCTCCGCTGGATTT AACTrTCCNGGGTCTTC ACAGAT ACAGTGGA TCCGCCC 
Qr TCTCCTCAGGGAGCCCGCCTCCGTCCAATTATAGCAGGTCGGATCACAGCATACTTAGTTGGGACGTCCTTCA 
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Table 4 .  Maximum Likelihood fits of 24 different nucleotide substitution models 
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Figure 5 :  
Sequence alignment was done using C L  UST AL W implemented i n  the 
phylogenetic analysis computer software package Mega 7.0 (Kimura 20 1 6) .  Included in 
the comparison are sequences retrived from genbank for black-capped (BCCH) 
(JX 1 64 1 53 . l_PA and JX 1 64 1 78_PA 1 )  and mountain chickadees (MOCH) 
(DQ989 1 04. l _PG and DQ989 1 03 . l _PG) . In all retrieved reference sequences,  the part 
preceding the underscore is the Genbank accession number) . 
26 
G 
H 
D 
c 
L 
� F  
------------------------- BCCH 
---------------------------- M O CH 
0. 1 
Figure 6 :  
The phylogenetic analysis of  the sampled individuals i n  the current study and the 
retrieved CACH sequences using the MOCH sequences as outgroups using Maximum 
Likelihood (ML) method. Prior to ML analysis .  Prior to ML analysis ,  Mr. ModelTest 
implemented in Mega 7 . 0  (Kimura 20 1 6) was used to estimate the best molecular 
evolution model for the target mtDNA gene region. (H, L, G, D, C, F ,  I ,  K) refer to the 
samples were collected from Carlyle lake. (A and B) refer to the samples were collected 
from Ramsey "JXl 64 1 53 . 1  _PA" refer to Black-capped chickadee. 
DQ989 1 04 . l _PG refer to Mountain chickadees (MOCH) and these were collected from 
NCBI GenBank. 
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The map of the contact zone "overlapping" in Illinois .  Between Chickadees in 
Ramsey County in the northside are considered to be BCCH while those from the Carlyle 
Lake area in the Southside are considered to belong to CACH. 
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Discussion 
Several molecular models have been used to understand and determine genetic 
interactions of hybrid species among chickadee species and with other birds because 
hybridization occurs occasionally more than 9% of birds species (Grant & Grant 1 992) . 
The rate of hybridization i s  dependent on both environmental and genetic influences, and 
can lead to a large number of possible genetic outcomes. To understand how 
hybridization occurs between two species, it is significant to consider genetic and 
chromosome distinction among species. Also, hybridization in Parid species has been 
studied within both North America and European species (reviewed by Curry 2005 , 
Curry et al . 2007).  
In this study, I observed that most of the samples had a high expression of their 
mtDNA shown in (Figure3) .  In this Figure, sample (G) presented the lowest 
concentration among all the samples (24ng/µL) . Sample (E) presented the highest 
concentration (259ng/µL) . Both samples were collected from Carlyle Lake, suggesting 
that the mtDNA concentration depended on the quality of the samples. For example, 
samples I & L were collected from the same area and were closest in term of their 
concentration among all the samples ( 1 84 .026 ng/µL and 1 84 .027 ng/µL) (Figure 3). By 
comparison, most of the samples collected from Coles County did not amplify well using 
PCR experiment, and that refers to the quality of the samples because their DNA 
quantification showed that they had a low concentration (Figure 3) .  
The results of the sequencing and gene editing showed that the samples collected 
from Ramsey l ikely had the same sequences (Table 3 ) .  From looking at this result, I 
inferred that all the samples had strong genetic relationship . On the other hand, the 
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samples collected from Carlyle Lake had different mtDNA sequences than other samples 
such as Ramsey species. 
For a clear identification, the mtDNA sequences of the samples collected from 
Ramsey did not exactly match the black-capped chickadees '  sequences that were a viable 
from NCBI, but they were much closer than others . Likewise, black-capped sequences 
that were collected from NCBI were different than the Carlyle Lake ' s  samples and these 
appeared to be Carolina Chickadees because the variations were within their fragments of 
nucleotide sequences (Figure5) .  
The phylogenetic tree in my study was based on the mtDNA of the hybridization 
data within NCBI data as a control region of my data. The differentiations among these 
results presented, based on mtDNA hybridizations, could probably be explained by the 
taxon from Ramsey (A&B) were in the same nodes and that referred to their differences 
from Carlyle Lake (H, L, G, D, C, F, I, K) . But all the group were in the same clades, and 
that expressed that they were much closer than NCBI data (Figure 6) . However, 
DQ989 1 04 . l _PG (BCCH) and JX 1 64 1 53 . l _PA (MOCH) are sister groups because 
according to their mtDNA sequences they were in different branches than the samples 
that were collected from contact zone in Illinois .  Finally, the contact zone in Illinois 
compared with other contact zones between Black-capped and Carolina chickadees may 
determine if my results could be developed to the species zones where they move towards 
contact . 
Many studies have been done on BCCH and CACH across their extensive contact 
zone, which extends from the East coast into Kansas. According to Sattler, (2000), 
experiments were done in the hybrid zone, where and determining if hybrids existed was 
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not easy. In this study, they sampled 268 individual chickadees which had different 
characters ' diagnostic of each species. One of the results that they obtained was that, only 
the male hybrid displayed a heterozygous pattern for the marker. The end results showed 
that the birds had something in common. Research also showed that some hybrid zones 
behave l ike semi-permeable membranes due to the fact that they allow some genes to 
enter and restrict movement of others (Sattler, 2000) . 
In this study, I observed that Carolina Chickadee genotypes were likely dominant 
over Black-capped chickadees in the contact zone in Illinois because our samples showed 
noticeable genetic differences to Black-capped chickadees. Further, we noticed that 
moving to the north of the contact zone. Thus, our results showed some evidences of 
genetic mixing between Black-capped and Carolina chickadees. This was not surprising 
because according to their distribution, hybridization occurs and near their contact zone 
(Lack 1 969) .  However, our results were surprising when all the data collected from 
hybrid zones showed Carolina chickadees were dominant over Black-capped chickadees . 
The data collected from Ramsey (Figure?) were much closer to BCCH because they were 
close to the north side of the contact zone in Illinois .  Also, the data collected from Carlyle 
Lake were frequently closest to other birds, likely CACH, because they were in different 
branches in the phylogenetic tree and that explained that they were not probably Black­
capped chickadees (Figure 6) .  
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Conclusion 
Hybridization can be beneficial or detrimental to the offspring hybrid depending 
on gene mutations and the effect of these mutations on the organism' s  ability to succeed 
in the given environment. In addition, Hybridization can lead to a large number of 
possible genetic outcome, which will affect the way the organism interacts with its 
environment and how it will continue to survive. To understand how hybridization occurs 
among any species, it is more important to consider their genetic uniqueness in order to 
identify whether a hybrid species is a new species altogether or merely a variation in 
phenotype expression becomes clearer such as such as Cytochromes. The analysis of 
DNA, b-sequence, chromosomes, and morphology that separate analysis of each attribute 
clearly shows the association of any species. In this study, 
after the analysis of genetic markers was conducted, we concluded that, all of the 
specimens were collected from the overlapping zone were within the hybridization range 
because the samples were collected from the contact zone in Illinois showed Carolina 
Chickadees were dominant over Black-capped chickadees . Moreover, the samples that 
had clear evidences of mixed species in the contact zone were genetic mixing occurs 
within this contact zone, and all but two were much closest to black-capped chickadees . 
Finally, the contact zone in Illinois compared with other contact zones between Black­
capped and Carol ina chickadees will detennine if my results could be developed to the 
species zones where they move towards contact. 
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